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(54) PRODUCTION OF BUILDING USE THICK FIRE 


ferrite + bainite 


and in which insular martensite is 



RESISTANT STEEL TUBE LOW IN YIELD RATIO present by 25%, by which the building use thick fire 

resistant steel tube low in a yield ratio can be produced. 

(57) Abstract: 

COPYRIGHT: (C)1997,JPO 

PROBLEM TO BE SOLVED: To produce an excellent 
building use thick fire resistant steel tube with high 
productivity by rolling a steel having a specified 
compsn. under specified conditions to form a steel 
plate, executing heating to a two phase region, 
subjecting the same to bending from the edge parts of 
the steel plate, forming it into a tubular shape at the 
center part and thereafter executing cooling. 

SOLUTION: A slab contg., by weight, 0.05 to 0.25% C, 
0.10 to 2.00% Si, 0.5 to 2.0% Mn, 0.10 to 0.60% Mo, 0.01 
to 0.1% V, 0.002 to 0.20% sol.A) and 0.001 to 0.02% Ni 
or furthermore contg. specified small amounts of Nb, Ti, 
Cr, B, Ca or the like is subjected to hot rolling at 3 30% 
cumulative draft from the Ar 3 to the recrystallization 
temp, region. This hot rolled plate is heated to the two 
phase region of the Ac-, to Ac 3 , working into a tubular 
shape is started from the edge parts of the steel plate 
in the temp, range of the A^ or above, and the tubular 
working is finished at the center part of the steel 
plate. Next, cooling is executed at a cooling rate of 
P°C/sec to 100 x P 2o C/sec, where the value of Pern in the 
steel shown by the formula 1 is defined as P to form its 
microstructure into the one essentially consisting of 



Pern- [C] + [Si] /30+ [Mn] /20 + 
[CuJ /20 + [Ni] /60 + [Cr] /20 + 
[Mo] /\ 5 4- [V] /10 + 5X [B] 
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(57) 

[k«] fkm&zm* ui^<, 

tt%-e> c: 0.05 -~o.25% , si:o.io -2. 

0056 , Mn:0.5-2.056, Mo:0.10 -0.60% , V:0.01-0.1 
56, sol. Al:0. 002-0. 2056 , N:0.001 -0.0256 

L, -e-0§PMK£A ci J-Iif*oAc3 JilTW— 
tcfln&U An Ja±<3afti*5&»<btf*^oiai*«3B 
g&J: H**&T)ICT*?-TLT, -€-Of£Pcm£ P 

t LfcMCPt/s e ci-Jl±^op2 , C/s e cWT 
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[18**1] C:0. 05-0. 2 5 %, 

S i : 0. 10-2. 0 0%, M n : 0 . 5-2. 0 

%, m o : o . io-o. 60%, v: o. o l - o . 

1 %, s o 1 . A 1 : 0 . 0 0 2 -0. 2 0%, n : 
0. 0 0 1 - 0. 0 2%*^ttaiC, WttflittKW 
Ti)-5Ar3 J^±OiaiS«l-i3v^T^«)ET$7> f 3 0% 
12UL<^P.SJEEM£itlLTf@*S(::L, -?-<0§H1£*rA o fcl 
it*'OAc3 JGTFW— ffi***l-*nS*L, An &±<0 

(CTi&TLT, -?-<Df£, WTUTjvfifKOP c mOlt* P 
fcLfctilC, Pt/s e cttli>ol 0 0XP2 *C/ 
s e c mT^SJgT^iPLT, ^nll^, 7x7^ 
h + ^ ^ f - -f h £ ±# £: L , ;u r > * h tJ* 5 % 

Pcm= [C] + [Si]/30+ [Mn] /20 + 
[Cu] /20+ [Ni] /60+ [Cr] /20 + 
[Mo] /l 5+ [V] /10 + 5X [B] 
(tzfz L [ ] (±^7cmoSM%-r-«L^}SS^^ 

-To ) 

[IS** 2 ] C : 0 . 0 5- 0. 2 5%, 

S i : 0. 10-2. 0 0%, M n : 0 . 5-2. 0 

%, m o : o . 10-0.60%, v:o. oi-o. 

1 %, s o 1 . A l : 0 . 0 0 2 -0. 2 0 %, N : 
0. 0 0 1 - 0. 0 2%^ttU £<b^ (i) Nb + 
V + Ti* { 0. 2%l:iTfc££fall<ONb±3<fcy f T i 
9W<!:tli, (ii) Cu, NiftiO'CrO^ 
i<tU14:0. 0 1-1. 5%, (i ii) B : 0. 0 
005-0. 0 0 5%, iJ J: iMiV) C a : 0 . 000 
5-0. 0 0 5%O (i) ~ (iV) CD d *>^& < t & 1 

mz^-tzmi-, sssssawcArcj wxo 

0- ffl^i&ujto&L, An fcJUL^fiSM^lflK'^) 

f£, I<0Pcm<0t«:Pi:L7ttlt:, Pl/secJl 
±i'O10 0XP! "C/ s e c WTOifiSTS^iDLT, 

Pcm= [C] + [Si]/30+ [Mn]/20 + 
[Cu] /20+ [Ni] /60+ [Cr] /20 + 
[Mo] /15+ [V] /.I 0,+ 5X [B] 
(fc£L [ ] (4^7C«<7)*a%T-*L^;gJg5r^ 

1- o ) 

fcifcW] 

[0001] 

WfcifKffiv^t* ft ft^Jfr *o*ffl tzioV^T SilSffi: 



(2) t&mW-S- 1 6 5 6 2 0 

2 

Wiv>4 0-15 0 mmmm<om^i<r>mmmMi'j<m 
[0002] 

W*?ix^o -e-CCJt«W3»W0H«0»^, IB: A 

»&<o®.f$.a%m lt»«h4 tti> c, mm 

OSWRSrSiS L, ^WtOlU <fc o tf^Cif Ltv> 

[0003] -77, fcasaortwfta'iitrsift, sttsffl 

Tab i) , »|>]«^*«i WJKKtf^ffl * *i*o 
[0 0 0 4] L*» LR* UftHUaJBfcflUB Lfc»frU 
Ii, WfipffiK*lw ioTfff. jh.fc3fcK-^«>£Mi:6*ffifc L 

[0005] * m^cn lt, # hbb 62-5 

4 0 1 8 tcii, 7 5 0 -4 0 OtWAci WTW 
iaJSittcTOn^LT, t*,C*5v>litt^7 5 0-2 

5 OCcOiajK^tCTiDX-r^i t Ci 19, Wttfci?«r« 

[0006] -77, mmmmmtvmmKmakv—?-? 
bzi&mvtitz&zij&t lt, jaT^^i-^j***** 

fJit^S, #HS¥3 - 8 7 3 1 8-f-S#(Cli, m&Z 
30 Acs - 2 5 0C-AC3 - 2 0 C^fiJS^t-iP^L-?" 

<r>&ja§lrz> * £ wi c: fi h <nm&M&\zifaM*. 

¥3 - 8 7 3 1 7-?~&$&t?(i, fltf^Acs tLLJCtJ!]** 
Lfcfgt-^L, Ara -250C-Ar3 -20t<O 

JLWfritt^LxmZMIrJi&mmZi-iX^Zo s h 
t-, #^¥4 - 3 2 1-f-^tCli, If^Acj -2 0 
0"CJ£).JiOiaflflcljn»L, Acs -2 0 0tW±tI# 
■^^^!teL, Acs -2 0 0C-AC3 -20X;OSJS 

[0 0 0 7] $<btc fi^itS:^^ hfilJ»«OSI*>ibiBt 

jfe««ofi«****!> <b itt a *) , 600 r;T'<or#«iL-7j 

»^1ttt*it«1-4¥a4: LT, #^¥4 - 1 2 8 
3 15-?-, #^¥4 - 1 6 8 2 1 8-t, #W¥4 - 1 6 
8 2 1 9-?-, #^¥4 - 1 7 6 8 2 1-?, 1fl3f 4-2 
50 2 8 5 2 l-^0&£$RKF^£nT^£i7&, Mo, 
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3 

[0 0 0 8] 

L J: 3 ti"4»Hl tt±OJ:^, ift© 

[0009] — 2r, iaw^ff^^-g-t 1 *, aci vxr<r> 
ia« t-*D^?s uaw * (± > sox * coas u* 

[0 0 10] 4 »*tttt«<0#«i: LT, #M¥4 
- 1 2 8 3 1 5-§\ fflf 4 - 1 6 8 2 1 8"5\ 
4-168219 -f-, 4-1 7 6 8 2 1^ fH 

¥4-2 2 8 5 2 1 ^(D&2;m~ffl7jiZtlX\,*2> £ 7 
Mo. V, Nb^coj£#7c3SS£i£*DU Bf5e<OiSJ£ 

[0 0 11] ?<blC fg^^fBt^cojjgf^ligLT 

jtt t < e < , t tzmzpmm-cimfc 

wmimfc-rz m&mmt * t * v musk * * <> 

*B£ jWftfcffeJt $ it 4 v»«l6j K * 4 . C CO 40 , 

&Mj£^&Rgj£^t::J:48it ! Uisv>-r\ «H*|fiJT*<0 
HsWfifJitfttco^liDDXzSJS^H ohift< 44«*Mm 
X8BT-«:*fc44o 
[0 0 12] #§§IJIl(i^4*rau$g*t4Sitfc<><0 

\z a ^ Tis 54**5 x m&mmt * mm-t *:t **pt«6 
it **mw- 4£t*BK>fci-4, 

[0013] 



(3) 9 - 1 6 5 6 2 0 

4 

irmrzmmu* qm&l, -can's-*, -t 

i t ic «t i) , xiscoiis Sr fs?*f act jjnirife-c* a c 

w teoftT*ffi<fc*,. ccoias«cT-cotnx(i^f^itr^ 

mz&^xmi&a £v t &&iz3nfz$ifam, %bmz& 
m ttJt t it «-r * - 1 36»-c § 4 o 

[0 0 14] ^ffeBSIi-lcoi -9 44aBU^o*v^T^fig$ 
itfc i cot* 19 . » 1 tc, fi*%r% cio. 05- 

0. 25%, S i : 0. 10-2. 0 0%, M n : 0 . 
5-2. 0 %, Mo : 0. 10-0. 6 0%, v: 0. 
20 01-0. 1 %, sol. Al : 0. 002-0. 20 
%, N:0. 01-0. 0 2 %£-§-*-r-5>§Bt::, Wt£ 
SSJiT*oA 1-3 WioitaEiAUiJv^TjRStffiT*** 
3 0%&±«0&IW]±J££ifeLTSll£t::U -fcoiH^^A 
ci J-l±ti>oAc3 J^T<OXffl||«cirjp»iL, An 

**gn(CT*?-TLr, -e-cof*, JSLTlw^-TIBOP cmco 
ItSrP t L^t Pt;/sectt±*oi0 0XP 

*ffl*«»^c«pi*<o»a*«*a«i--6 tot?**, 

[0015] m 2 IZ, lf%T, C : 0 . 05-0. 2 
5%, Si : 0. 10-2. 0 0%, M n : 0 . 5- 
2. 0%, Mo : 0. 10-0. 6 0%, v : 0. 01 
- 0 . 1 %, sol. A 1 : 0 . 0 0 2 -0. 2 0%, 
N : 0 . 01-0. 02% U ZblZ ( i ) N b 

+ V + TiJ&*0. 2%£n r i£4tSHcONb:fcJ:U f T i 
C0Tt>^-4< im, (i i) C u, N i tSXtfC r CO 
^-4< t 4 1S£ 0. 0 1-1. 5%, (ii i) B : 0. 
40 0 0 0 5 - 0 . 0 0 5 %, H Z If ( iV) C a : 0 . 0 0 
0 5- 0. 0 0 5%c0 (i) - (iV) cO J ?*,^-4< t i> 

LXmmzL, ^-coJH«^Aci J£ll±T*oAca 
OXfflfgJ&tCiD&L, An £L±OSBEiA«>&«K^O 

^, JJlTU^-ffBcOP cmcott^Pi: Lf:tii:, P*C 
/sec W±^o 1 0 0 X P2 t/ sec KlTcOiSJKT- 
<t*PLT, $^n^^r, 7 x 7 ^ h +^-T -f <i h «r± 
50 flsfcL, *«^*7->*'f h7i J 5%JilLToa^(C-r4C 
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5 

10 0 1 6] Pcm= [C] + [Si] /30+ [M 
n] /20+ [Cu] /20+ [Ni] /60 + [C 
r]/20+ [Mo] / l 5+ [V] / l 0 + 5 X 

[B] 

i-o ) 
10 0 1 7] 

(«WO*JtO«ffil BIT, *»Wtcff4fl[rt»^cfll* 

(&tt) Jfc*JS5fr7C*fcL-CC, Si, M 

n, Mo, V, solAl, JSiiy-'NSr-i-^L, 
*tLT, ( i ) Nb, T i <D'J?%< t 4 lft, (ii) 
Cu, N i 43 iI>*C r O'pta < b i> lft, (iii) B, 33 
4tf (iV) C a<7) ( i ) - (iV) OHW< tUS 

[0 0 18] itt?>*fl>7C*OlS56aS«rWTUl!tWt 
ft43, WT<7)^tcijv^T%^(4-r-<-cm*%* 

^K){C(4CliO. 0 5%liMT-*4 o L^U 0. 2 
5 % Sr m x. & t ®S« fl^TfcfitJ ti^ s §§£ L , 
**tt*«*do Z.<Dtz*>, C**i*0. 0 5-0. 

2 5 %<n&mti-z> 0 

[o o 1 9] s i : si ii.rn.mmt LT*in*fi* 

j4 ? , 0. 1 0 %*-«-CI±+#fcJ&g^**^#'^-f, - 
^2. 0 0 %4rilfcA.T*iOStL* fcrnt^flSFSFttO^b 
^S<o iOfcft, S i^tttO. 10-2. 0 0% 

[0 0 2 0] Mn : MnJ4SH05Aft43J:ZM8l4W|6]± 
U*r3bfc8l*>»*x*4: LT}&Dn£4i.&tf r , 0. 5%* 
»-ei±-?-<7>S!i*a*/.N$<, ttz2. 0%im*-2>ti%m 

0. 5-2. 0%<Oiltf^o 
[0 0 2 1 ] Mo : Mo ti@v$3Mtlc4&«jy;g-gr>lc 

*s v » t*?s*3 a xmiA »= Tjessa-ft * it*-*" & t * 

■t&fc t 41-, «**tPt?J4*#Aix140i1»^:tcj:*ia. 

L, -^<7)-S-*** s 0. 1.0%*Itl±wji^<OM#+ 
#-Ct4 4 < , SiSiMfc 4 y f Wtt*ftWiW* t ^+» t ft 
So ££, 0. 6 0%4r®x.T#'SlC?^iD$^-2> tv§* 

% MotttiO. 10-0. 6 0%<Dte 

[0 0 2 2] V: VliaffctoS:JBJaLT«fi3*aE*ia] 
0. 0l%*iita-?-oM-i s 'h?<, f 
fcO. 1 fcWttffi:TUo43j»4 0 Z<Dtz)b. 

V#*fi£0. 0 1-0. l%0«Hfc-f*o 



(4) ftBflsp 9 - 1 6 5 6 2 0 

6 

[0023] sol. A 1 : sol.Al (4MB£iW t 

Lxmatn&w* o. o o 2 x-it+fr&mm)! 
mm h a-r, * * o . 20 %ss<oasfti-c-t oa*** 

i L< ftv> 0 Z<Dtzit>, sol. A 1 -a^S^ 0. 0 0 
2-0. 2 0%O*EHi:-r^ o 

[0 0 2 4] N: NI±ftfk»*»jatL-CS»SU£*|fi] 
±£-£&rt f , 0. 0 0 1 %&ffiX'l*Z<D$mtf'^2 < , 
JfcO. 0 2%&j@;l-&iiJl4{£T(co&#& 0 £«D£ 
70 *t>, N^iSrO. 0 0 1 - 0. 0 2 %co$EHt-ri> 0 

[0 0 2 5] J3L±#*:*:»fc#-C*4a*, JATlC^-fN 
b, Ti, Cu, Ni, Cr, B, 43 4 tfC a £ii^)& 

#t Lras*p-r*w tciot, isj£5£Soj6]±, sit 

[0026] Nb, Ti : Nb43£O f T i l±V tmM 

£>£o L-^L, v!4Lt)Nb43 4U f T i , &<bU f K'#3Wt 
#fc LT?^*P$3x-i> VO^tti*, Nb+V + Tif 
20 0. 2 0%£j@;i&4 ; >ftiEBtcft.i>fc, £»Ui5V»T 
ffia6TiSS;i>Ki:ft I?, ifcBttOftTUo^i, £<D 
fw*, Nb43 4l>*T i 14, Nb + 2V+1. 5TiA s 
0. 2 0%tl,Tfci4J:Tileit-^t?W. 
[0027] Cu, Ni, Cr: Cu, Ni, Crl4 

Cil<b(OtfiliCu, N i fc4LKC r <0^-^ 
<t"bli^0. Ol-l. 5 %lc|eHt1-^o 
[0 0 2 8] C a : Ca lifr&WWfmil&VUtZ 
30 £4U-4 *)7K^iSie#Jtt^7P< 7-f7ftt*«-Kih-f 

^a** 1 ****, 0. 0 0 0 5%*IT-Ii^*j5 } » 

tjti-f, o. o o 5%sso^int?^*(4fiawL, -e-ti 

4 !9 #*U*tp-r-5 £ t l±eSf«J*lB*»<!)»4 L < ft 
v>„ ZffitzK), Ca-t-^a^rO. 0005-0. 005 

[0 0 2 9] b: Bi±*fcAiitta:#t:J:')*M4*:*: 

*S* J 0. 0 0 0 5 %^mX'ii.^(r)nm^^nhix 
■f, JfcO. 0 0 5%ejS<0?$i)DT-5-OS!)#<4fi&*DL, 

4'^o Zntzib, B-£#fi£r0. 0005-0. 005 

[0 0 3 0] (JEM^feft) *«Ml-4JV»TI±, ±a«i 
^ *a*4r#1-*«l(=*tU, W^ B B B fSSJ-J.T^OA r 3 
Ja±oatt*U*i^TjR«EETSfs**3 0 %ja±0«tWEE. 

[0 0 3 1 ] ZZX\ ^ B B B iSSJ^T-e3 0%W±W^ 
«ETSpwj»fcWlffg*ifc-rc. b b L?tOi4, *W^ B B B J* 

T-+»ftEii^^TT £ fc 4 1) . mw£m<7>%}&i+» 



-4- 



7 

ho ttis a 1-3 ^oaatttTjftiwEiiifi 1 o 

[0 0 3 2 ] WiBflajSli^SUio-c*** 
£\ iStltNb *i8*D*-e 9 0 0 TCSft, N b i£JP 
5 O'CgS-eab^o 4£, Ara tC^Mntt 

[0 0 3 3] (Jfl9g*#) «*i:l3v»rii, BLtoJ: 

Zl+g^j|lcOiaStEHtIiD^L, An £l±OftK**t 

T, ^Of£, H^PcmOttPkUk*^ PC/ 
sec W_L^o 1 0 0 X P 2 C/sec J^TOJSJKT* 

U M-7^r>^^ f^5%HTO«i:f^o 
[0 0 3 4] ::tPcm= [C] + [Si] /. 

30+ [Mn] /20+ [Cu] /20+ [Ni] /6 
0+ [Cr] /20+ [Mo] /15+ [V] /10 + 
5X [B] (fcrtfL [ ] (i45c*oM%T-SLfc 

[0 0 3 5] A ci a±-C*oAcs AT 

cOUfflSJSOiaffiteH^iJOJftLr, An J£Lt*>»ttJ* 

[0 0 3 6] 4*:, ^OlPt/ s e cHl^o 1 0 0 

x p 2 *c/ s e c JSLToaK-e»*ni-* -^L^ 

Mtt U jlSHWUt-ffciJ J: tffiWttft 

^^^■Cab^o <$*PjSK**P'C/s e c *»T?tiJBHt*> 

tt*ft*iB*fi:W14i:4«!), lOOXP^ t/secJ: 

<o 

[0 0 3 7] SfeU* 910X*H#U *+* 

4 O 

[0 0 3 8] (5?n») ^nft«, 7x50 
+ h£±#fc U AtK^Uir y^r-i h£5%JEH 

i> Z t \z J; *) flSPttftJtffctWtt**«+*«b** t »'bit 



(5) Hri¥9- 1 6 5 6 2 0 

S 

■<M hi' 1 %W±ttl)CtWJ Lv> 0 
[0 0 3 9] «=;|^OfiS;»ii> VUX^> K*PO 

70 [0 0 4 0] 2£#j£#fc LT C , S i > Mn, Mo, 
V, sol. A 1 , fc-fctfNt^U ttzit. ZhlZ 
(i) Nb, T i <r>>pt£< t & If, (ii) Cu, Ni 
r<D'J?%< ti> 1U, (iii) B, (iV) 
CaCO (i) - (iV) OH^ft<itllt«i*# 

[0 0 4 1 ] 4£, ifi^Aci J^ir^Aca 
c0Xffl®«O«JKIEHUiDJ»LT. An jaJL<7>iSJ£« 
*^««t^lniX*H*fe"r4^fc«i, je»ffi»C«:fiTS 

ffl^*So 4*:, WPTC/sec£l±^ol00X 
P 2 TC/s e cttTOitJS"C?fr*PLr. ^na«j:, 

[ 0 0 4 2] 

LTfflJ±*if5C> 9 0 0 -8 0 0 Coa**"C3R«EETSp 
4 0%Ott±lt*S®*1f^\ «f 7 OmmCOip|«&S5J3t 

^Bi:t»TL> *<0lkQ. 5TC/se cO*ftTffr*P 
L/io cot Soif^SDtSff t -hcoitD/t ii 
1 0 k L^io 

[0 0 4 3] :<7)i^:Ltj£iLf:Ifi:i3v^ in 
50 v*ft»jpx»-c<o«ttWteK, «^ + *^6 0 0W 
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(6) iff Bp? 9 - 1 6 5 6 2 0 

P 10 
mts&M (YS) , j3J:t>*^Wia«T-c9ft^v^-r>^ * [0 0 4 4 ] 
OoW$^2i:$to * [Si] 
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S i 


Mn 


C u 


N 1 


C r 


Mo 


N b 


V 


T i 


B 


Sol. Al 


x. ft. 


C a 


Kb+ V + Ti 


AO 1 


0.11 


0. 30 


1. 01 








0. 03 




0.049 


0. 007 




0.025 


0. 006 




0.056 


A02 


0.17 


0. 36 


1. 15 


0. 04 




0, 09 


0. 11 


0. 09 


0. 05 1 


0. 005 


0. 0007 


0.021 


0. 005 


0. 0007 


0. 146 


AO 3 


0.11 


0. 28 


0. 99 


0. 03 






0.34 


0. 11 


0. 053 


0. 004 




0.025 


0. 006 




0. 167 


A04 


0.1J 


0. 27 


1. 03 


0. 01 


0. 02 




0. 48 




0.058 


0. 005 




0.019 


O. 007 


0.0011 


0. 063 


AO 5 


0.12- 


0. 31 


1.01 






0.06 


0. 51 




0. 055 


0.008 




0.O22 


0.004 




0. 063 


A 0 6 


0. 12 


0. 29 


1. 04 








0. 53 


0, 03 


0.055 


0.0O8 




0. 023 


0. 004 




0. 093 


A D 7 


0. 13 


0. 35 


0. 98 


0.01 


0. 02 


0. 50 


0. 55 


0.07 


0. 051 


0. 004 
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